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Large Scale Electrodes

Parameter | Tevatron pbar- BNL K-pi PEDM
p Separators | Separators
Length 2.6m 4.5m 2.4m
Gap 5Ccm 10cm 2Cm
Height 0.2m 0.4m 0.2m
Number 24 2 64
Max. HV +180KV +200KV +190KV
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Tevatron pbar-p Separator Module
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HV Feedthrough to 0.2m High
Electrodes
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101in. Long Separator Electrode
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Construction of 101 in. Long
Separator Electrode
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FN Field Emission Current vs. E

Fowler-Nordheim Equ.
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Recent Progress from LC/ERL

R&D (5mm gap tests) Cornell/JLab
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Fig. 4. Field emission cuarrent as a lunchon of apphed gradient for a 150-
mm-diameter stamless sieel electrodes: (squares) a tvpcal untreated
sample, (circles) first measurement of GOCIB treated sample. (tnangles) re-
measurement ol GOCIB treated sample alter high-voltage conditioning [14].
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V vs. Gap: Fengnian & Welhan, IEEE Tran.
Electrical Insulation 25, 557 (1990)
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Figure 5.

Positave dc breakdown voltage vs. gap spacing.
a o o: Aluminum, = x x: stainless steel.
e 1 OO temperature, - - - cooled by liguid Na.
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How to Scale from 5mm Gap to

Field Emission
Heating or Macro-
Particle Heating for
New Methods?
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Sparks

Oleg Prokofiev, the Tevatron pbar-p separator team
leader:

Current conditioning — HVPS in current limiting mode,
Gas conditioning — 10+ Torr glow discharge region,

Spark conditioning — start out at many sparks/hr, 1
spark/day after several days, run for one week.

“To reach £150-170KV for PEDM electrodes and have
~1spark/month, conditioning will be performed at £165-
190KV”".

Tevatron pbar-p separator goal was 1spark/yr per
module — pbars are precious.
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Beam Impedance

J. Crisp and B. Fellenz, FNAL-TM-2202 and K. Ng, Proc.
2003 Part. Acc. Conf. IEEE7803-7739-9.

“The conclusion points to the fact that the separators
actually contribute negligibly when compared with other
discontinuities in the Tevatron vacuum chamber, except
for the rather large resonance at 22.5MHz".

The Tevatron runs with 0.1A average proton current,
while PEDM has only 3mA.

Tevatron separator measured Re (Z,,/n) and Re (Z,)
Impedances were 0.08Q, 0.01Q, 0.2MQ/m, and
0.04MQ/m at the peak of the 22.5 and 67.8 MHz
resonances, respectively. Need C-AD help to avoid
resonances.
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Longitudinal Beam Impedance

Systematic error for spin.
Beam power loss = 12 Re (Z, ).
RF makes up beam power loss.

If RF cavity is inclined, CW and CCW beams
see different E,, which is a systematic error for
magnetic focusing, as Yannis described.

Require ring Re (Z, ) < 10KQ. Need C-AD help
to avoid resonances.

This Is not a systematic for electric focusing.
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Vertical Electric Field Systematic

If CW/CCW beams see different E,, this is a systematic for magnetic
focusing (<5nV/m).

Image charges, etc.
Solution: keep plates high
enough.
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Image Charge vs. vy for Infinite
Plates
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Quadrupole Magnet Design — W.
Meng Collider-Accelerator Depit.
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E vs. Gap Test from June 2009 C-

AD Review

D |Task MName Jun [Jul [Aug [Sep |Oct [Mow |[Dec |Jan |[Feb IMar |&pr (May [Jun [Jul | Aug
1 “Yacuum Tank Eiwrty is *ﬂ_lr-emly mml:e:
2 Electrode Plate F‘Iﬂte is ﬂljremlyjmmle:
3 Cage P : : :
q Planning and Design
5 Structural Design - Mecllam{:al Engmeer
G HY Powver supply - Hv Engmeer
and lead design ! :
7 Design Review Cu:-mmrtt-e:e : : :
g Ciyotation & PO ' Engm-&er aml C-u:rmmrttee
9 hanutacturing Dl.rtsule Central Slmp
10 Inzpection Engmeer i
11 Clean Ares Jd:rhn Benantee
12 Safety Plan _S'ﬂfne:t_'g!|r Dfﬁ{:_-er.-Engin-e:er_
13 Aszssembling : : )
14 The inner structures Engineer and Technicians
inzide the vacuum tank : :
15 Inztrumentation Engmeer Teclmu:mns
16 “acuum Hook up ‘u’a{:uum Technu:lans
17 Testing ) leslcsts
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E vs. Gap Test Level of Effort

Construction — Tech. 200mh $20K
Construction — Eng. 100mh $10K
Material $24K $24K
Testing - Physicist $120K $120K
Testing — Tech. $35K $35K
Total $209K
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First E Module

=

Tazk Name

[Jan [l [aug [sep [oct [Mov [pec [dan [Feb Imar Jopr [May [dun Jou Jaug [Sep  [oct
W T[F[s[sM[Tw|T[F[s[sM[TIw|T[Fls|siM[Tw|[T[F[s|s[M[Tw|[T[F|s[s[M[T]w[T[F|s[s[M]|[Tw]T
1 Vacuum Tank : ; ; ; i : ' : !
2 Planning and Design : Enuin{e:er an(l: Desiul:ler
3 Dezign Review : EIllc:nmm:'rtte«f':
4 Guotation & PO : Enuil_leer ang[l Comr_nittee
5 Manutacturing : : : Shop/Outzide Vendor
g Inzpection Enuine:er
7 Electrode Plates ; g ; g
g Planning and Design : Engin:e:er aml: Desigiler
9 Design Review : EComm:ittee
10 Giotation & PO : _nginee_r and l’.:_omm'rtlee
11 Manufacturing : : : Sh::rp.-'ﬂmsi{le Vendor
12 Inzpection Einuinee:r
13 Ceramic Frame ; g ; g :
14 Planning and Design : Enuin:e:er amI: Desigiler
15 Design Review : Committee i
16 Guotation & PO E Engineer and Cpmnnﬂ;e:e
17 Manutacturing E E E G oﬁrstek_
18 Inzpection E:lluillee.;r
14 Ceramic Cage . " . .
20 Planning andd Design E Engin:e:er anti Desiul:ler
21 Design Review E EComm:ittee :
22 Guotation & PO E Engineer and Comm :ee
23 Manufacturing E E E n::rp.-'ﬂm_sitle Vendor
24 Inzpection E:nuinee:r
25 Assembling Plates, E Co:orstek
Cages etc & Testing

26 Inner Structure Support

System ; i :
r Planning and Design Engineer and Designer
28 Dezign Review E étomm;'rttee
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Start date set arbitrarily to Jan. Natural time

to start i1s June 2010.

D |TaskName lbam [Feb Mar lApr [May  [dum Ll JAug  [Sep (Ot [Nov  [Dec [Jan o [Feb  [Mar [Spr ey [hn [l [Aug  [Sep  |oOct
WlTIF|S|s M[T|w T[FIS|SM[T |W|T FlslsMiT W [TIF(s|s M T T|F[S{SMIT W T|F[S[S[M[TW[T
29 Guotation & PO Enulneer and Commlttee j
3 Manufacturing Outside Uemh}r
3 Inzpection Enum-;er
72 Trolley and its — :
Structure
3 Planining and Design Engineer and Designer
a4 Design Review : : !
39 Ciuotation & PO _nuinee_r and Cpmmittee E
36 Manufacturing : : - Oulside k‘femlor
& In=pection E lginee;r
38 | Vacuum System Design :
39 Flanning and Dezign
40 Dezign Review
4 Cuotation & PO
42 Manutacturing and
Purchases

43 Inzpection i
44 Safety Plan Safety Dfﬁt:er.-El_luineer_
45 Aszembling :
46 The inner structures El}gineer_aml Te_l:lmit:ians

inzice the vacuum tank ; ‘ :
47 Inztrumenitsation Enhineer:%[eclmit_:ians
43 Wacuum Hook up ‘u’acuu:m Tech:nicians.
49 Testing : : : Physics
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First E Module Level of Effort

ltem K$
Electrode Plate 27.5
Vacuum Tank 35.7
End Flange 13.5
Ports 35.5
Vacuum Tank Assembly 6.3
Electrode Assembly 3.8
Inner Support Structure 48.1
Gauges 22.5
Vacuum Equipment 104.1
Vacuum Hookup 5.0
Instrumentation and Commissioning 52.5
Total 356.4
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Milestones

May, 2010 — Commission E vs. gap test
setup.

June, 2010 — Start first E module design.
October, 2010 — E vs. gap results.

February, 2012 — Commission first E
module test.

May, 2012 — Finish first E module test.
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Conclusions

$0.6M E/B R&D over 3 years
Relatively low technical/cost risk

X% lower E field strength:

iIncreases the ring length by X%

and decreases edm sensitivity by X%.
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Extra Slides
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RF Inclined

e Beam iIs blue.
e Electric field is red.
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